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[57] ABSTRACT

A semiconductor integrated circuit with a non-volatile
memory has a plurality of nonvolatile data memory
elements arranged in a matrix and a means for reading
data from the memory elements in accordance with an
address signal which specifies a position in the matrix. A
protecting data memory element for storing at least
one-bit protection data is disposed in the matrix.
Whether operations such as programming (i.e., writ-
ing), erasing or reading with respect to the data memory
elements will be allowed or inhibited is determined in
accordance with the contents of the protecting data
memory element. In other words, data security in an
arbitrary area of the matrix can be accomplished based
on the content of the protecting data memory element.

7 Claims, 13 Drawing Sheets
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SEMICONDUCTOR INTEGRATED CIRCUIT
WITH NONVOLATILE MEMORY

This 1s a continuation of application Ser. No. 174,975,
filed Mar. 29, 1988, now U.S. Pat. No. 4,821,240 which
1s a continuation of application Ser. No. 854,889, filed
Apr. 23, 1986, now U.S. Pat. No. 4,744,062.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
memory and, more particularly, to a semiconductor
memory having a security function for preventing pro-
gramming (writing), erasing and reading of a nonvola-
ttle memory.

An EEPROM (Electrically Erasable and Program-
mable Read Only Memory) is a nonvolatile memory
and 1s therefore electrically erasable and programmable,
However, one concern with such a memory is that data
to be protected might be rewritten. To protect the data
stored in such a nonvolatile memory, a method has
already been proposed wherein a security bit is em-
ployed and any external access to the nonvolatile mem-
ory is inhibited in accordance with the state of the secu-
rity bit (for example, see “Electronics Design”, Mar, 3,
1983, pp. 123 to 128). More specifically, a write-only
security register which is separate from a normal mem-
ory block 1s prepared, and any access to the normal
mermory block is inhibited in accordance with the state
of the security bit. In such case, the following method
may be employed for forming a write-only security
register by an EEPROM. Namely, the erasing opera-
tion of the security register is allowed only when the
whole of the normal memory block is erased. Thus,
after the security register has been programmed so as to
protect the normal memory block, it is impossible to
access the normal memory block unless the data stored
in the normal memory block is destroyed. In this
method, however, no consideration is taken for the
security function for preventing rewriting of data once
programmed. In addition, since erasing and program-
ming conditions for an EEPROM constituting a secu-
rity register differ from those for a normal memory
block, the security register must be provided with inde-
pendent erasing and programming circuits, which leads
to a complicated circuit configuration. Further, since
the security function of the above-described method is
carried out for the entire memory as one unit, it is not
possible to control the security function for each of the
divided portions of the memory, each divided portion
having a relatively small capacity.

There 1s another conventional memory protecting
method 1n which a region to be protected and contents
to be protected are designated by software. This
method, however, requires another memory for storing
such data and contents to be protected, together with
system software, which leads to an increase in size or
scale of the memory device as a whole. Therefore, this
method 1s not suitable for data protection of a nonvola-
tile memory or the like which has a relatively small
memory capacity. |

A microcomputer which is applied to, for example, a
cash card and which incorporates a nonvolatile mem-
ory 18 demanded wherein the nonvolatile memory
should be divided into a plurality of areas which are
respectively used for various purposes, such as a pro-
gram storing area, ID code storing area and data storing
area. In this case, for realization of a highly reliable
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system, it 1s very important to enable inhibition of read-
ing, programming {(writing) and erasing for each of the
divided areas each constituted by a small region.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention
to provide a semiconductor integrated circuit with a
nonvolatile memory which 1s so designed that it is possi-
ble to set conditions for inhibiting rewriting or erasing
simply by giving various security functions even to a
plurality of divided relatively small areas of the nonvol
atile memory. |

To this end, the present invention provides a semi-
conductor integrated circuit with a nonvolatile memory
having a plurality of nonvolatile data memory elements
arranged in a matrix and a means for effecting reading
from the nonvolatile memory elements in accordance
with an address signal for specifying a position in the
matrix, wherein a protecting data memory element for
storing at least 1-bit memory protection data is disposed
in the nonvolatile memory element matrix, and whether
a programming (writing), erasing or reading operation
with respect to the nonvolatile data memory elements is
to be dliowed or inhibited is determined in accordance
with the contents of the protecting data memory ele-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) to 1(d) show the arrangements of a semi-
conductor integrated circuit with a nonvolatile memory
according to the present invention;

F1G. 2 1s a circuit diagram of one embodiment of the
present invention; |

FI1G. 3 shows the relationship between various volt-
ages employed when the data memory elements illus-
trated in FIG. 2 are programmed and erased;

FIG. 4 shows the relationship between various volt-

-ages employed when programming and erasing of the

protecting data memory element illustrated in FIG. 2
are mhibited;

FIGS. Sa-8c¢ are time charts showing a reading opera-
tion of the illustrated in FIG. 2;

FIGS. 6a-6f are time charts showing a programming
or erasing operation of the arrangement illustrated in
FIG. 2; |

FIG. 7 shows the arrangement of a semiconductor
Integrated circuit with a nonvolatile memory in accor-
dance with another embodiment of the present inven-
tion;

FI1G. 8 shows the relationship between the data read
out from the protecting data memory element shown in
FIG. 7 and inhibiting conditions;

FIG. 9 shows the arrangement of a semiconductor
integrated circuit with a nonvolatile memory in accor-
dance with still another embodiment of the present
invention;

FIG. 10 shows the arrangement of the program-
ming/erasing voltage control circuit illustrated in FIG.
9;

FIG. 11 shows the arrangement of a semiconductor
Integrated circuit with a nonvolatile memory in accor-
dance with a further embodiment of the present inven-
tion; |

FIG. 12 shows the arrangement of a semiconductor
integrated circuit with a nonvolatile memory which has
no memory security function; |
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FI1G. 13 shows erasing and programming operations
of the semiconductor integrated circuit illustrated in
FIG. 12;

FIG. 14 shows the arrangement of the program-
ming/erasing voltage control circuit illustrated in FIG.
12;

F1G. 15 shows the relationship between the threshold
voltage of the nonvolatile memory elements and the
time of writing/erasing; ”

FIG. 16 shows the relationship between the threshold
voltage of the nonvolatile memory elements and the
storage time;

FIG. 17 shows the arrangement of a nonvolatile
memory according to the present invention;

FIG. 18 shows the arrangement of one example of a
timer counter;

FIG. 19 shows a programming/erasing control cir-
cuit;

FI1G. 20 shows the arrangement of a microcomputer
composed of the nonvolatile memory according to the
present microprocessor; |

FIG. 21 is a block diagram of a semiconductor inte-
grated circuit with a nonvolatile memory in accordance
with a still further embodiment of the present invention:

FIG. 22 is a flow chart showing the operation of the
semiconductor integrated circuit illustrated in FIG. 21;

FI1G. 23 composed of FIG. 23a and FIG. 23b shows
an arrangement in which a semiconductor integrated
circuit with a nonvolatile memory according to the
present invention and a CPU are fabricated on a single
one chip, which also illustrates a flow chart showing the
operation of this arrangement;

FIGS. 24a-24h are time charts showing the operation
of the arrangement illustrated in FIG. 23.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will
be described hereinunder in detail with reference to the
accompanying drawings.

FIG. 12 shows the basic arrangement of a nonvolatile
semiconductor memory which may be employed in the
present invention and which is electrically programma-
ble and erasable.

In FIG. 12, the reference numeral 1 denotes a nonvol-
atile memory matrix (EEPROM matrix), 2 an address
decoder, 3 a sense amplifier, and 4 a programming/eras-
ing voltage control circuit. Address inputs 61, data to be
programmed (written) 66 and a starting signal for pro-
gramming (writing) 62 are respectively applied to the
address decoder 2, the nonvolatile memory matrix 1 and
the programming/erasing voltage control circuit 4, so
as to effect programming (writing) of data. When ad-
dress inputs 61 and a starting signal for reading 64 are
respectively applied to the address decoder 2 and the
programming/erasing voltage control circuit 4, read
data 65 1s obtained from the sense amplifier 3. When
address inputs 61 and a starting signal for erasing 63 are
respectively applied to the address decoder 2 and the
programming/erasing voltage control circuit 4, the
memory contents are erased. |

F1G. 13 shows programming (writing) and erasing
operations in relation to the volatile memory matrix 1.

Rewrniting for the nonvolatile memory matrix 1 is
effected in such a manner that, as shown in FIG. 13, an
address signal 61 and a starting signal for erasing 63 are
input to erase a nonvolatile memory element corre-
sponding to the specified address, and a starting signal
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for programming 62 and data to be programmed 66 are
then input to write the data in the nonvolatile memory
element concerned.

FIG. 14 15 a circuit diagram of the programming/-
erasing voltage control circuit 4 shown in FIG. 12.

The programming/erasing voltage control circuit 4 is
adapted to apply a high voltage required for program-
ming or erasing to a terminal of each memory element
in the nonvolatile memory matrix 1. The circuit 4 is, as
shown in FIG. 14, composed of MOS transistors (a load
transistor LT and a driving transistor DT) and is
adapted to effect ON/OFF control of the output OUT
In response to the starting signal for programming 62
and the starting signal for erasing 63.

When the present invention is applied to a nonvolatile
semiconductor memory having an arrangement such as
that shown in FIG. 12, the present invention may be
carried out in various practical forms, e.g, a first form ,
a second form, a combination of the first and second
forms, and a modification of the second form.

FIGS. 1(a) to 1(d) schematically show the arrange-
ments of semiconductor integrated circuits in accor-
dance with various embodiments, respectively, of the
present invention.

Referring first to FIG. 1(@), there is shown the ar-
rangement of a practical form according to a first aspect
of the present invention. The nonvolatile memory ma-
trix 1 for storing data is provided with protecting data
memory elements 1a each storing at least 1-bit memory
protection data (security data) in such a manner that
each memory element 1a corresponds to one line con-
sisting of a group of data memory elements arrayed in
the row direction of the matrix, i.e., the direction in
which word lines extends. The contents of each protect-
ing data memory element 1a are read and, when the
read data is, e.g., “1”, a programming (writing), erasing
or reading operation is allowed, whereas, when the read
data 1s “0”, any of the operations is inhibited, whereby
the contents of the data storing memory matrix 1 are
protected.

In the arrangement shown in FIG. 1(b), a part of the
nonvolatile memory matrix 1, i.e., at least one line in the
matrix 1, is constituted by a group of protecting data
memory elements 15 for storing protection data (secu-
rity data). The contents of the protecting data memory
elements 15 are read and, when the read data is “1”, a
programming (writing), erasing and reading operation
for the whole or a part of the data memory matrix 1 is
allowed, whereas, when the read data is “0”, any of the
operation 1s inhibited, whereby the contents of the data
memory matrix 1 are protected.

The arrangement shown in FIG, 1(c) is a modification
of the arrangement shown in FIG. 1(4). At least one line
in the matrix 1 is constituted by a group of protecting
data memory elements 15 for storing protection data in
the same manner as in the case of the arrangement
shown in FIG. 1(4). In the arrangement shown in FIG.
1(c), however, bits of the protecting data memory ele-
ments 16 are respectively allocated to the rows of the
data memory matrix 1 as indicated by the arrows. The
contents of the protecting data memory elements 15 are
read and, when the first bit from the right represents,
for example, “1”, a programming (writing), erasing for
reading operation in relation to the lowermost row in
the memory matrix 1 is allowed. When the second bit
from the right represents “0”, any of the operations in
relation to the second row from the bottom of the mem-
ory matrix 1 is inhibited. When the third bit from the
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right represents “1”, any of the operations in relation to
the third row from the bottom of the memory matrix 1
is allowed. In this way, the contents of each of the rows
in the memory matrix 1 are protected. The bits of the
protecting data memory elements 15 may also be re-
spectively allocated to the columns of the memory
matrix 1.

The arrangement shown in FIG. 1(d) is a combina-
tion of the data protecting arrangements respectively
lustrated in FIGS. 1(¢) and 1(5). Namely, the nonvola-
tile memory matrix 1 is divided in the column direction
Into two halves 1A and 1B, and the contents of the half
1A of the memory matrix 1 are protected by the pro-
tecting method shown in FIG. 1(a), while the contents
of the other half 1B are protected by the protecting
method shown in FI1G. 1(b). More specifically, the half
1A of the nonvolatile memory matrix 1 is provided with
protecting data memory elements 1a each storing at
least 1-bit protection data in such a manner that each
memory element 1a corresponds to one row of the
matrix half 1A, and at least one row of the half 1B of the
memory matrix 11s constituted by protecting data mem-
ory elements 15, whereby the memory contents are
protected on the basis of each memory protecting data
and 1n accordance with a selected address.

The operations of the arrangements shown in FIGS.
1(a) and 1(b) will be described hereinunder in detail by
way of practical embodiments, respectively. Since the
arrangements respectively shown in FIGS. 1(c) and 1(d)
are formed by applying the operations of the arrange-
ments respectively shown in FIGS. 1(a) and 1(b), de-
talled description of the operations thereof is omitted.

FIG. 2 shows the arrangement of a semiconductor
integrated circuit in accordance with a first embodi-
ment of the present invention in which various security
functions can be given to each of the relatively small
divided memory areas.

In FIG. 2: the reference numeral 31 denotes an ad-
dress decoder; 37 a temporary storage register for tem-
porarily storing protecting data; 39 an internal control
circuit; 41 an address bus, 42 a data bus; 321 to 328 high
voltage control circuits; 341 and 342 sense amplifiers;
351 and 352, output drivers; 151, 152, 155 and 156, tran-
sistors respectively constituting nonvolatile memory
elements (EEPROM); and 153, 154 transistors for turn-
ing ON/OFF the applied gate voltage of the nonvola-
tile memory elements. A typical conventional nonvola-
tile semiconductor memory is provided with only the
left-hand halif of the arrangement shown in FIG. 2, i.e.,
the address decoder 31, the nonvolatile memory ele-
ments (EEPROM) 151, 155, the sense amplifier 341 for
reading data, the output driver 351 and the hlgh voltage
control circuits 321 to 326 and 328.

FIG. 3 shows the relationship between various volt-

ages applied to the memory elements when the memory
shown in FIG. 2 is accessed.

Each of the reading, programming (writing) and
erasing operations is effected by applying the voltage
conditions shown in FIG. 3 to the nonvolatile memory
elements 151 and 155. More specifically, in a reading
mode, a voltage V.. is applied to a word line (W) 21
from the address decoder 31, and a high voltage word

line (WH) 221 is set at 0V, whereby the nonvolatile

memory element 151 is selected, and the contents (Dyy;)
of the element 151 are read out to a data line 231. In a
programming mode, a voltage V. is applied to the

word line (W)21 from the address decoder 31, and a
voltage V.. is similarly applied to the high voltage word
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l.ine (WH) 221 from the high voltage control circuit 321,

while a voltage —V,, 1s applied to a well region (in
which the memory element 151 is disposed) 111 from
the high voltage control circutt 323, whereby “1” can
be written into the selected memory element 151. In an
erasing mode,; a voltage V. is applied to the word line
(W) 21 from the address decoder 31, and a voltage
— Vpp1s applied to the high voltage word line (WH) 221
from the high voltage control circuit 321, while the well
voltage is set at V., whereby the contents of the se-
lected memory element 151 can be erased.

According to the present invention, the right-hand
half of the arrangement shown in FIG. 2 is added to the
above-described conventional arrangement. More spe-
cifically, one or more protecting data memory elements
152, 156 for storing protection data are disposed for
each word line 221. Thus, the arrangement according to
the present invention is additionally provided with the
function which enables determination as to whether
access to a data memory element i1s to be allowed or
prohibited in accordance with the state of the protect-
ing data memory element corresponding to the speci-
fied address. Circuits additionally provided for this
purpose are the control gates 153, 154 for ON/OFF
controlling the supply of high gate voltage applied to
the memory elements, the sense amplifier 342 for pro-
tecting data, the output driver 352 for protecting data
and the temporary storage register 37.

In the present invention, one side of a data memory
matrix 18 provided with protecting data memory ele-
ments 152 (156) for storing protection data in such a
manner that one or plurality of memory elements 152

- (156) correspond to a series of data memory elements
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(e.g., elements connected to the word lines 21 and 221)
which are selected through word lines. When a word
line is selected, the contents of the associated protecting
data memory elements 152 (156) are simultaneously
read out so as to prohibit any undesirable programming
(writing), erasing or reading operation.

The memory elements 152 (156) for storing protec-
tion data permit reading, programming (writing) and
erasing in a manner similar to that in the case of the
conventional data memory elements 151 (155). How-
ever, when the data memory elements 151 (155) are
being subjected to a programming or erasing operation,
the protecting data memory elements 151 (155) must not
lose the data stored therein. For this reason, when a
programming or erasing operation is effected for the
data memory elements 151 (155), the protecting data
memory elements 152 (156) need to be given conditions
different from those given to the data memory elements
151 (155).

FIG. 4 shows the relationship between various volt-
ages for prohibiting neither programming nor erasing
operation in relation to the protecting data memory
elements shown in FIG. 2.

Two program data, Ve, Ve, —Vpp, —Vppand —Vpp
are applied to the word line (W) 21, the high voltage
word line (WH) 221, the data line (D) 231, the I line 25
and the WELL line 111, respectively, as shown in FIG.
3. On the other hand, as to the protecting data memory
elements, although V.. and —V,, are respectively ap-
plied to the word line (W) and the I line 25 in the same
manner as in the case of the data memory elements, 0V
is applied to the WH, D and WELL lines for the prohi-
bition against programming, as shown in FIG. 4. Thus,
there 1s no fear of any protecting data being undesirably
programmed. When the data stored in the data memory
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elements 1s erased also, 0V is applied to the WH, D, S
and WELL lines so as to prohibit the protecting data
(security data) from being undesirably erased. The gates
153, 154 and the high voltage inverter 361 shown in
FIG. 2 are circuits which give the voltage conditions
shown in FIG. 4 in order to prevent the destruction of
the protecting data.

The following 1s a description of the operation of the
arrangement shown in FIG. 2 in each of the reading,
programming and erasing modes with security func-
tions.

FIG. 5 is a timing chart showing the operation of the
semiconductor memory shown in FIG. 2 in a reading
mode.

When a chip select signal 43 and address inputs 41 are
applied, the semiconductor memory starts to operate. A
word line 21 corresponding to the specified address is
selected, and the contents of the data memory element
151 and the contents of the protecting data memory
element 152 are read out by the sense amplifiers 341 and
342, respectively. The output of the sense amplifier 342
1S set in the temporary storage register 37 and, when the
output 47 thereof is “1”, the output driver 351 for data
memory elements is driven to read out the data to the
data bus 42. When the protecting data output 47 is “0”,
the output driver 351 is controlled such that the driver
351 is prohibited from outputting any data to the data
bus 42. In a reading mode, the contents of the data
memory element 151 and the protecting data memory
element 152 are simultaneously read. There is therefore
no delay in the operation due to the addition of the
security function.

FIG. 6 1s a time chart showing the operation of the
semiconductor memory shown in FIG. 2 in a program-
ming or erasing mode.

In this case also, the operation of the semiconductor
memory 1s started in response to the application of the
chip select signal 43 and the address inputs 41 in the
same manner as in the case of the reading mode. The
internal control circuit 39 first sets the control mode at
the reading mode (ST1), reads out the contents of the
protecting data memory element 152 corresponding to
the specified address, and stores the read data in the
temporary storage register 37. When the output 47 is
“17, the internal control mode of the internal control
circuit 39 is shifted to either the programming or eras-
ing mode (ST2). During the erasing mode (ST2), the
high voltage control circuits 321 to 325 respectively
generate the high voltages shown in FIG. 3, and a pro-
gramming Or erasing operation is thereby effected. At
the same time, the signal line 49 connected to the high
voltage control circuit 326 is lowered to a level “0”. In
consequence, the gate 153 is turned OFF, and the out-
puts of the gates 362 to 364 are brought to 0V. Since the
output 491 of the inverter 361 is ““1”, the gate 154 of the
protecting data memory element 152 is turned ON, and
the applied gate voltage 222 of the memory element 152
1s set at OV. As a result, the relationship between the
voltages respectively applied to the protecting data
memory elements 152 and 156 satisfies the voltage con-
ditions shown in FIG. 4, so that, when the data memory
elements 151 and 155 are being subjected to a program-
ming Or erasing operation, the data stored in the pro-
tecting data memory elements 152 and 156 are reliably
protected. In a programming or erasing mode, reading
of protecting data and programming or erasing of data
are executed In a time series manner. However, since
the programming or erasing time is 103 to 105 times

5

10

15

20

25

30

335

45

50

23

65

8

longer than the reading time, there is no practical in-
crease in the access time due to the reading of protect-
ing data.

As described above, in this embodiment, a data mem-
ory element and a protecting data memory element are
disposed on a common word line and, in a reading
mode, both the memory elements are simultaneously
accessed 1n order to control the delivery of the read
data to the data line in accordance with the read pro-
tecting data. In a programming or erasing mode, pro-
tecting data is first read, and the contents of the data
memory element are then read, so that it is possible to
control the programming or erasing operation on the
basis of the read processing data. As a result, the mem-
ory protection for each of the word lines can be realized
without the aid of any software, and it is possible to
eliminate any increase in access time due to the memory
protection. Since the memory protection can be ef-

fected for each of the word lines, it becomes possible to

realize memory protection using the memory area effi-
ciently without waste. In this. embodiment, further, the
address decoder 31 and the control circuit for the word
line 21 can be used by the data memory element and the
protecting data memory element in common. It is there-
fore possible to minimize the increase in area when
realizing the security function.

FI1G. 7 shows the arrangement of a semiconductor
integrated circuit with a volatile memory in accordance

with a second embodiment of the present invention.

In FIG. 7, the same reference numerals as those in
FIG. 12 denote the same portions or members. The
semiconductor integrated circuit shown in FIG. 7 is
formed by adding an address matching circuit 51, a
programming inhibition data latch 52 and an erasing
inhibition data latch 53 to the circuit configuration
shown in FIG, 12. A programming inhibition signal 671
and an erasing inhibition signal 672 are so set that the
signal 671 is made active in response to the output of
data representing a programmed state of a group of
protecting data memory elements provided in any de-
sired region within the memory matrix (EEPROM) 1,
e.g., the lowermost or uppermost row in the matrix 1,
whereas the signal 672 is made active in response to the
output of data representing an erased state of the pro-
tecting data memory elements.

F1G. 8 shows the relationship between the protection
data (security data) shown in FIG. 7 and inhibiting
conditions.

As will be understood from FIG. 8, if the pro-
grammed state is represented by data “1”, while the
erased state 1s represented by data ‘0", when the data is
“0”, the latch 52 disables the programming inhibition
signal 671, whereas, when the data is *“1”, the latch 52
activates the signal 671. When the data is ““0”, the latch
53 activates the erasing inhibition signal 672, whereas,
when the data is “0”, the latch 53 disables the signal 672.

The following is a description of a method of testing
the security function of the semiconductor integrated
circuit and a method of setting a security function
which can not be restored.

First, when the address of a protecting data memory
clement storing protection data in the EEPROM matrix
is specified by an address signal 61, the address match-
Ing circuit 51 makes judgement as to whether or not the
specified address coincides with a registered address,
and thereby applies a gate signal (latching instruction)
to the latches 52 and 53 In addition, data “1” or “0” is
read out from the memory matrix 1 through the sense
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amplifier 3. In the initial state, the data is fixed at either
“1” or “0” depending upon the method of manufactur-
ing semiconductor elements. If, for example, the data is
“1”, the programming inhibition signal 671 is made
active, and the erasing inhibition signal 672 is disabled
from the conditions shown in FIG. 8. Accordingly, it is
possible to change the state of any data memory element
from *1” to “0”, that is, to erase the data, by specifying
any address other than the addresses of the protecting
data memory elements, i.e., any address in the ordinary
data memory eclement region within the EEPROM
matrix 1. |

In addition, it is possible to perform testing as to
whether or not the security function is effective by
changing the state of a data memory element from “0”
to “17, that is, programming (writing) data. The erasing
and programming inhibition operations can be tested for
all the memory elements in the EEPROM matrix 1
including the protecting data memory elements without
any change in state of the security function.

Next, when the memory elements in the protecting
data memory element region are set in the erased state
“0” and the address of any of the protecting data mem-
ory elements is specified to start reading, “0” is read out
to the latches 52 and 53. In consequence, the erasing
inhibition signal 672 is made active, and the program-
ming inhibition signal 671 is disabled. In this state, it is
possible to test the erasing inhibition operation for all
the memory. elements in the EEPROM matrix 1, as
described above.

Next, data is set in the protecting data memory ele-
ment region so that “0” and “1” are respectively read
out to the latches 52 and 53, and the data “0” and “1”
are then read out. In this state, all the memory elements
in the EEPROM matrix 1 operate as electrically eras-
able and programmable nonvolatile memory elements
which have no security function.

Next, data 1s set in the protecting data memory ele-
ment region so that “1” and “0” are respectively read
out to the latches 52 and 53, and the data “1” and “0”
are read out. In consequence, both the programming
and erasing functions of all the memory elements in the
EEPROM matrix 1 are prohibited and become unable
to return to the state wherein the programming and
erasing functions can be activated. As a resulit, the data
stored in the EEPROM matrix 1 is prevented from
being destroyed thereafter.

FI1G. 9 shows the arrangement of a semiconductor
integrated circuit with a nonvolatile memory in accor-
dance with still another embodiment of the present
invention, and FIG. 10 shows in detail the program-
ming/erasing voltage control circuit illustrated in FIG.
9. |

In the semiconductor integrated circuit shown in
FI1G. 9, the memory matrix is divided into two regions,
1.€., a first region in which the programming and erasing
functions are prohibited, and a second region in which
either the programming or erasing function is prohib-
ited. More specifically, the arrangement shown in FIG.
9 differs from the arrangement shown in FIG. 7 in that
the former arrangement is provided with a pair of pro-
gramming inhibition data latches 521, 522 and a pair of
erasing inhibition data latches 531, 532. The program-
ming/erasing voltage control circuit 4 in FIG. 9 is, as
shown in FIG. 10, supplied with inhibition signals 6711,
6712, 6721, 6722, an external starting signal for pro-
gramming 62 and an external starting signal for erasing
63 so as to control the high voltage V, and applies its
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outputs 681, 682 and 683, 684 to two regions 11 and 12,
.., a memory matrix (I) and a memory matrix (II),
respectively. If the protecting data memory element
area is disposed in, for example, the region 11, a pro-
gramming/erasing Inhibition region which cannot be
restored can be realized in the EEPROM matrix 11, as
described above. If data is set so that programming or
erasing inhibition data is read out to the latches 522 and
532 in order to bring the region 11 into a program-
ming/erasing inhibition state which cannot be restored,
then, with respect to the EEPROM matrix 12, a pro-
gramming or erasing inhibition state which cannot be
restored 1s allowed to be specified in accordance with
the designation represented by the protecting data. If
either the memory matrix (EEPROM matrix) 11 or 12 is
further divided into regions, and protecting data latches
are prepared for each of the regions, and further, the
programming/erasing voltage control circuit is rear-
ranged for the divided regions, it is then possible to
specify different secure conditions for each of the re-
Z10mns.

FIG. 11 shows the arrangement of a semiconductor
integrated circuit with a nonvolatile memory in accor-
dance with a further embodiment of the present inven-

tion.

In the arrangement shown in FIG. 11, inhibition sig-
nals are formed by combining protecting data and an
external signal. The reference numeral 54 denotes as
protecting data latch, 55 a combination logic circuit,
and 69 an external signal. The other signals are the same
as those shown in FIGS. 7 and 9. If, for instance, the
combination logic circuit 55 is constituted by a dis-
matching detecting circuit which detects the dis-match-
ing between the output of the latch 54 and the external
signal 69, it is possible to realize a key word detection

~ type security function. When the address of a protecting
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data memory element is specified by the address signal
61, the specified address is judged by the address match-
ing circuit 51, and a gate signal is thereby applied to the
latch 54. In consequence, the protecting data read out
from the EEPROM matrix 1 through the sense ampli-
fier 3 1s stored in the latch 54. For instance, this protect-
ing data is composed of either the programming or
erasing inhibition data shown in FIG. 8 and a key word.
The dis-matching detecting circuit 55 makes compari-
son between a key word given by the external signal 69
In the shape of a key word and the output bit pattern
which represents the key word stored in the latch 54.
When they are not coincident with each other, the
signals 671 and 672 shown in FIG. 7 are generated.

Thus, in the embodiments respectively shown in
FIGS. 7, 9 and 11, it 1s possible to prohibit a program-
ming or erasing operation for the memory matrix in
accordance with the pattern of the data written in a
specific area in the electrically erasable and program-
mable memory matrix. In addition, the protection data
can be stored in a state which cannot be restored. It is
therefore possible to realize an electrically erasable and
programmable semiconductor integrated circuit with
flexible security functions.

As has been described above, it is possible, according
to the present invention, to realize various security
functions for each of the relatively small divided mem-
ory regtons. In addition, either a programming or eras-
ing operation for the memory matrix can be prohibited
in accordance with the pattern of the data written in a
specific area. Accordingly, it becomes possible to effect
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memory protection using the memory area effectively
without waste,

To start a programming or erasing operation for a
conventional EEPROM, a method has heretofore been
adopted in which a predetermined voltage is applied for
a predetermined period time using an internal oscillator
and a high voltage generating circuit, such as that men-
tioned in, e.g., “Digest of Technical Papers, * 1983,
IEEE, ISSCC, pp. 34 to 35, or pp. 164 to 165. In this
method, however, no consideration is taken for en-
abling the time of writing or erasing to be varied in
accordance with the length of the demanded memory
storage time.
The present invention also provides a semiconductor
integrated circuit with a nonvolatile memory which is
so designed that 1t is possible to change the time of
writing or erasing in accordance with the requirements
in relation to the memory storage and to reduce the
required time of writing or erasing while providing a
threshold voltage shift sufficient for the memory stor-
age of nonvolatile memory elements of an EEPROM.
With the voltage maintained at a constant level, the
threshold voltage of a nonvolatile memory element
shifts along the exponential axis with respect to the time
of writing or erasing, as shown in FIG. 15. The storage
time 1s exponentially related to the threshold voltage of
a nonvolatile memory element. Accordingly, when the
demand for the storage time differs on each occasion,
e.g., when a memory is tested and when final data is
stored 1n the memory, it is possible to effect threshold
shuft sufficient for satisfying the required storage time
characteristics by controlling the time of writing or
erasing. Thus, the time required for testing can be re-
duced.
A still further embodiment of the present invention
will be described hereinunder with reference to FIG.
17. In FIG. 17, the reference numeral 171 denotes a
nonvolatile memory matrix, 172 an address decoder,
173 a data input/output circuit, 174 a programming/-
erasing voltage control circuit, 175 a data register, 176
an address register, 177 a control signal latch, 178 a
timer counter, 91 an address signal, 92 data, 93 a starting
signal for writing or erasing, and 94 a clock input.
- The timer counter 178 is arranged such that a period
of time can set therein through the data line 92, and the
timer counter 178 starts counting time in synchronism
with the starting signal for writing or erasing 93 and
generates a control signal for a set time duration. The
timer counter 178 may be realized by, for example, a
circuit such as that shown in FIG. 18. More specifically,
the reference numeral 181 denotes a register, 182 a
down counter, and 183 a zero detecting circuit. The
data which has been set in the register 181 in advance is
loaded in the down counter 82 in response to the start-
Ing signal 93 and, at the same time, down counting is
started in response to the clock input 94. The zero de-
tecting circuit 183 outputs the control signal 95 when
detecting the fact that the count of the down counter
182 reaches zero. Setting of time in the register 181 is
etfected from the outside through the data line 92. In
addition to this method, data read out from the nonvola-
tile memory matrix 171 may be set in the register 181. It
15 also possible to readily realize setting of a fixed value
when power is started to be supplied to the circuit. The
programmung/erasing voltage control circuit 174 is
supplied with a high voltage from the outside or a high
voltage which is formed by boosting a voltage from a
logic circuit power supply by a charge pumping circuit.
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The circuit 174 thus generates a programming/erasing
voltage 97 by a logic gate such as that shown in FIG. 19
and applies the voltage 97 to required terminals of gates,
sources, drains, wells in the memory matrix 1.

When a starting signal for programming or erasing 93
1s externally applied to the semiconductor integrated
circuit shown in FIG. 17, a high voltage 97 is generated
through the latch 177 and the programming/erasing
voltage control circuit 174 and, at the same time, count-
ing of time is started by the timer counter 178. When a
predetermined period of time has elapsed, the control
signal 95 is OFF or disappears, and the programming or
erasing operation is thereby suspended. The respec-
tively time durations for programming and erasing op-
erations can readily be discriminated from each other
by providing two timer counters 178.

FI1G. 20 shows a microcomputer in which a semicon-
ductor integrated circuit 100 such as that shown in FIG.
17 and a data processing unit 110 are fabricated on the
same semiconductor substrate. Clocks are supplied di-
rectly from an external terminal 941 or through a wave-
form control circuit 120 and are applied to the circuit
100 and the unit 110 in common. The clock frequency
employed in data processing units, particularly one
which is constituted by a CMOS device, is not always
constant, since the input frequency may be lowered for

the purpose of reducing the power consumption. In
such a microcomputer L.S], time is set in a timer counter
in a memory device from a data processing unit,
whereby it is possible to give an optimum time of wri-
ting/erasing to the memory device without depending
upon the operating frequency of the CPU.

According to this embodiment, it is possible to set a:
time of writing or erasing as desired. Therefore, the
storage time can be adjusted in accordance with the
demand, so that it is possible to obtain high reliability
and realize an optimum processing time. Thus, it is
possible to reduce the time required for testing the semi-
conductor integrated circuit with a nonvolatile mem-
ory, shorten the time required for rewriting data which
needs to be periodically written, increase the number of
times of available rewriting operations, and improve the
reliability with respect to the storage of data for a long
period of time. In addition, optimum programming or
erasing conditions can be given even when the condi-
tions of clock frequency and supply voltage change.

The present invention further provides a semiconduc-
tor integrated circuit with a nonvolatile memory which
1s so designed that the circuit is readily interfaced with
a microcomputer which performs a pipeline operation,
and 1t is possible to ensure in a one-chip memory both a
read-only program region and a region for storing data
which needs to be rewritten.

The semiconductor integrated circuit with a nonvola-
tile memory according to the present invention has: a
group of electrically erasable and programmable non-
volatile memory elements; a means for selecting a speci-
fled region from the memory elements; a means for
inputting and outputting data into and from the selected
region; a means for controlling writing and reading
operations; and a means for temporarily latching a con-
trol signal which is to be input to the control means.
The feature of the integrated circuit according to the
present invention resides in the provision of a delay
means which is connected to the temperary latch means

to delay an erasing or programming (writing) control
signal alone. '
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FIG. 21 shows the arrangement of a semiconductor
integrated circuit with a nonvolatile memory in accor-
dance with a still further embodiment of the present
invention.

In FIG. 21, the reference symbol CE denotes a Chlp
enable signal, OE an output enable signal, WE a write
enable signal, BY a busy signal which represents the fact

that data is being written into EEPROM, D data, and A
an address. The control signals (CE, OE and WE) are

input to a control circuit 216 for EEPROM and also a
latch 211 for control signals. The outputs C, 0 and W

from the latch 211 are input to the control circuit 216

through a delay circuit 217. The data D is supplied to a
latch 213 for data through a tristate data buffer 212
which is controlled by a control signal-from the control
circuit 216. The address A is input to an EEPROM 215
through a latch 214 for address, and the address A is
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time, the busy signal BY is output in order to inform
external devices of the execution of a writing mode.
Thereafter, the outputs C, O and W from the latch 211
for control signals are delayed by the delay circuit 217
(Step 2222 shown in FIG. 22), and the output signals C’,
O’ and W' from the delay circuit 217 are input to the
control circuit 216, whereby a writing operation is exe-
cuted (Step 2223). It is possible to effect a normal read-
ing operation during a period of time which starts when
the write signals are latched and which ends when a
wrlting operation starts, by appropriately adjusting the
delay caused by the delay circuit 217. However, once a
writing operatton is started, the writing operation is
automatically progressed by the control circuit 216, and
any reading operation is prohibited. The time required

- for writing is about 1 mS to 20 mS.

also input directly to the EEPROM 215, by-passing the

latch 213. The data read out from the EEPROM 215 is
output directly.to the data buffer 212, by-passing the
latch 213. The latches 213 and 214 are controlled by a
control signal output from the control circuit 216.

The EEPROM 215 is composed of an EEPROM
element matrix, a decoder and so forth and supplied
with the data D, the address A and a timing signal 218
from the control circuit 216, whereby reading and pro-
gramming (writing) operations are executed.

In this embodiment, all the signals required for writ-
Ing are latched in the semiconductor integrated circuit,
and a period of time (a delay) within which an ordinary
reading operation can be effected is provided between
the latch timing and the writing start timing, thereby
allowing a processing for reading to be executed imme-
diately after a write signal has been input. More specifi-
cally, by providing the delay circuit 217 shown in FIG.
21, the write timing is delayed, so that, although the
read command is input after the write command has
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FIGS. 23(a) and 23(b) are a block diagram and an
operation flow chart, respectively, showing an example
in which a nonvolatile memory (EEPROM) according
to the present invention is applied to a microcomputer

system.
A CPU (Central Processing Unit) 2310 and a nonvol-

atile memory (EEPROM) 2311 are connected together
through a write signal bus WR, a read signal bus RD, an
address bus AB, a data bus DB and a halt signal bus

- HALT. It 1s to be noted that an input to a chip enable

30
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terminal CE of the nonvolatile memory 2311 is supplied
through a circuit 2312 which decodes the address signal
on the address bus AB. The reference symbol ¢ denotes
a clock signal which is applied to the CPU 2310 so as to
serve as a machine clock signal. The write signal WR
becomes a write enable signal WE in the memory 2311,

and the read signal RD becomes an output enable signal
OE in the memory 2311. Similarly, the address bus AB
1s connected to an address terminal A, the data bus DB
to a data termmal D, and the halt signal bus HALT to a

~ busy signal terminal BY. In the arrangement shown in

been input, in actual processing the reading operation is

executed before the writing operation.

FIG. 22 illustrates flow charts respectively showing
writing and reading operations of the embodiment in
FIG. 21. -

The operation of this embodiment will be descrlbed
below with reference to FIGS. 21 and 22.

In a reading operation, the address A is input, and
CE=0, OE=0 and WE=1 are input. It is to be noted
that the control circuit 216 for EEPROM is turned ON
when the control signal are 0. In the case of a reading
operation, the control signals CE, OE and WE are input
directly. to the control circuit 216, and both the latch
211 and the delay circuit 217 are prohibited from out-
putting signals C, O, W and C’, O’, W', respectively.
Thus, the normal reading shown in FIG. 22 is executed
(Step 2224), and the data read out from the EEPROM
215 1s output to the data line D’ and delivered to a data
line through the tristate data buffer 212 controlled so as
to be set on the output side. In the case of a reading
operation, the address A is not passed through the latch
214 for address but input directly to the EEPROM 215
as an address AA.

In the case of a writing operation, the address A and
the data D are applied, and the control signals CE=0,
OE=1 and WE=1 are input. When the write enable
signal WE, which has changed from the state 1 to the
state 0, changes from the state 0 to the state 1, the con-
trol signals CE, OE, the data D and the address A are
temporarily latched by the latches 211, 213 and 214,
respectively (Step 2221 shown in FIG. 22). At the same
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FIG. 23, a program and data are stored in the same
nonvolatile memory (EEPROM) 2311.

When the CPU 2310 is executing pipeline control, a
series of instructions 2331 to 2334 are issued from the
CPU 2310 as shown in FIG. 23(b), and processing is

- executed in the memory 2311 in the order, from Step

2341 to Step 2344, in response to the instructions. The
CPU 2310 first gives instructions to read a present com-
mand (Step 2331). Next, the CPU 2310 gives instruc-
tions to read an operand (Step 2333), and then gives
instructions to write the result of calculation of the
operand (Step 2333). Then, the CPU 2310 gives instruc-
tions to read a subsequent command (Step 2334). In
response to these:instructions, the memory 2311 first
reads a present command (Step 2341) and then reads an
operand (Step 2342). Since the control signal is delayed
in the memory 2311 as described above, even when the
memory 2311 receives the write instructions, it first
executes a read operation instructed by the command
received . subsequently to the write command (Step
2343). After the delay has elapsed, the memory 2311
executes the operation of writing the result of calcula-
tion (Step 2344). |

FI1G. 24 1s a timing chart showing the operation of the.
arrangement illustrated in FIG. 23.

The operation timing of the CPU 2310 is synchronous

‘with clocks denoted by ¢ in FIG. 24. One machine

65

cycle consists of four cycles C1 to C4. In this embodi-
ment, the reading cycle consists of C1, C2 and C4, and

~ the writing cycle consists of C3. In other words, in the

case of pipeline control, access is carried out in the
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following order: reading of a present command, reading
of an operand, writing of the result of calculation, and
reading of a subsequent command. The waiting cycle
CW represents a waiting state which starts when the
CPU 2310 shown in FIG. 23 receives the halt signal
HALT, 1e., when the memory 2311 is outputting the
signal BY which informs the CPU 2310 of a writing
state and the machine cycle has ended, that is, the cycle
C4 has been executed. The reference numeral a0 on the
address bus AB.represents the address of the previous
operation. When addresses al and a2 are delivered to the
address bus AB by the CPU 2310, these addresses are
input to the memory 2311 in the form of the memory
address AA by the control effected by the latch signal
L. In consequence, the data d1 and d2 which are read
out from the memory 2311 are output to the data bus
DB. When the write signal WR rises (w) in the writing
cycle C3, the address a3, the data d3 and the signals RD,
WR are latched by the respective latch circuits in the
memory 2311. In other words, the above-described
latch signal L changes at the time (t). In addition, at the
time (w), the busy signal BY which represents that the
write signal has been received is output. In FIG. 24, the
reference symbol AA denotes addresses given to the
EEPROM 215, tp a delay given by the delay circuit
217, and tw the time of writing given by the control
circuit 216,

In the writing cycle C3, after the data necessary for
writing has been latched by the latch circuits in the
memory 2311, a normal reading can be executed during
the period tp; therefore, the CPU 2310 gives instruc-
tions of reading in the cycle C4 during the period tp.
More specifically, the CPU 2310 delivers the read ad-
dress a4 to the address bus AB and also delivers a read
signal to the signal bus RD and, then the CPU 2310
enters the waiting cycle CW. In this case, the address in
the waiting cycle CW is represented by al’. At this time,
although the busy signal BY is being output, since no
writing control signal is output from the control circuit
216, reading is allowed. The memory 2311 receives a4
as @ memory address AA and the read signal RD as a
control signal and thereby reads out data d4 from the
EEPROM 215 and outputs it to the data bus DB. After
the delay has elapsed, a3 as a memory address AA and
a control signal are given, and writing of the data d3 is
thereby executed. In FIG. 24, the reference symbol C1’
denotes a subsequent reading cycle during which data
dl’ is read out from the memory 2311. More specifi-
cally, the waiting state of the CPU 2310 is canceled
when the halt signal HALT (synchronous with the busy

signal BY) is canceled, and a normal CPU cycle starts
from the next cycle.

As has been described above, according to the pres-
ent invention, the storage of both program and data
which needs to be rewritten can be made with one ch1p
even 1n the case of a system in which a reading cycle is
set immediately after a writing cycle (e.g., a system
which executes pipeline control). Accordingly, it be-
comes possible to fabricate an electrically erasable and
programmable nonvolatile memory and a CPU in one
chip, so that it is possible to realize an economical sys-
tem. |

What is claimed is:

1. A microcomputer comprising:

a nonvolatile semiconductor memory, and

a processing unit,

said nonvolatile semiconductor memory comprising;
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a plurality of data memory elements arranged in a
matrix;

-a first means for accessing a selected one element
within said plurality of data memory elements in
accordance with an address signal specified with
respect to said matrix;

a protecting‘data memory element for storing at
least 1-bit protection data disposed within said
matrix: and

a second means for reading out the content of said
protecting data memory element, whereby
whether a programming, erasing or reading op-
eration with respect to said selected one element
is to be allowed or inhibited is determined in
accordance with the content of said protecting
data memory element, said content being read by
sald second means, wherein said data memory
elements are respectively comprised of an elec-
trically erasable and programmable memory
element.

2. A microcomputer according to claim 1, wherein
said nonvolatile semiconductor memory further com-
prises a latch for storing said content read out from said
protecting data memory element, said latch outputting a
programming inhibiting signal and/or an erasing inhib-
iting signal with respect to said selected one element.

3. A microcomputer comprising:

a nonvolatile semiconductor memory, and

a processing unit,

said nonvolatile semiconductor memory comprising:
a plurality of data memory elements arranged in a

matrix;

a first means for accessing a selected one element
within said plurality of data memory elements in
accordance with an address signal specified with
respect to said matrix;

a protecting data memory element for storing at
least 1-bit protection data disposed within said
matrix; and

a second means for reading out the content of said
protecting data memory element, whereby
whether a programming, erasing or reading op-
eration with respect to a group of said data mem-
ory elements arrayed in a line in the row direc-
tion of said matrix is to be allowed or inhibited is
determined in accordance with the content of
said protecting data memory element, said con-
tent being read by said second means, wherein
said data memory elements are respectively com-
prised of an electrically erasable and program-
mable memory element.

4. A microcomputer comprising:

a semiconductor integrated circuit including a plural-
ity of electrically erasable and programmable non-
volatile semiconductor memory elements arranged

‘in a matrix and further inciuding a circuit unit for

programming/erasing at least a selected one of said

elements within a variable time duration, and

a processing unit,

wherein said circuit unit comprises:

a timer means operating synchronously with an
external clock; and

a register means for setting data corresponding to
said variable time duration, wherein said timer
means generates a control signal for program-
ming/erasing said selected one element within a
predetermined time duration in response to a
start signal for the programming/erasing opera-
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tion, said data set in said register means and said
external clock, whereby the predetermined time
duration is made variable in accordance with
data set in said register means.

5. A microcomputer according to claim 4, wherein a
data processing unit is arranged in the same semicon-
ductor substrate as that for said semiconductor inte-
grated circuit, said data processing unit and said inte-
grated circuit using a common clock signal.

6. A microcomputer comprising:

a semiconductor integrated circuit; and

a processing unit,

wherein the semiconductor integrated circuit com-

prises:

a plurality of electrically erasable and programma-
ble nonvolatile semiconductor memory elements
arranged in a matrix;

a first means for accessing a selected one element
within said plurality of memory elements in ac-
cordance with an address signal specified with
respect to said matrix, said address signal being

generated from a processing unit;

a second means for transmitting data between said
plurality of memory elements and said process-
ing unit, said second means temporarily latching

sald data;
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a third means for latching said address signal from
said processing unit;

a fourth means for controlling said second and
third means in response to control signals from
said processing unit; and

a fifth means for delaying a programming/erasing
control signal of said control signals for a period
of time during which reading of data from said
selected one element within said nonvolatile
memory elements can be accomplished, wherein
said processing unit gives a first instruction to
read a present command from said nonvolatile
memory elements, a second instruction to read |
an operand from said nonvolatile memory ele-
ments, a third instruction to write a result of a
calculation of said operand into said nonvolatile
memory elements and a fourth instruction to
read a subsequent command from said nonvola-
tile memory elements, and wherein said semicon-
ductor integrated circuit executes said instruc-
tions in the order of said first instruction, said
second instruction, then said fourth instruction
and thereafter said third instruction.

7. A microcomputer according to claim 6, wherein
said fifth means is arranged in a semiconductor substrate
of said semiconductor integrated circuit together with
sald nonvolatile memory elements as well as said pro-
cessing unit.

-
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